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1.0 INTRODUET ION

This report docunents the effort expended by Radiometrics, Inc.
under Contract MABSG~3EB812 in pertarming the initial phase of
madifications required to change the near ulhraviolet sowrsce in
the Optical Coantamination Monitar to a souwrse with oubtput at or
near the Lyman—alpbha hydrogen-line. The effort consisted of
selpcting, acquiring and testing candidate miniature ultraviolet
lamps with significant owtput in or near 121.46 nm. The effort
also included selection of a miniatire dc high-voltage power
supply capable of operating the lamp. The power supply was
required to operate from available primary powsr supplied by  the
Optical Effect Module (QEM) and it should be +Flight qualified o
have the ability to be qualified by the user.

2.0 EQUIEMENT _EVALUATED

The following items were selected from a small group of
available lamps and power supplies that generally met  the
reguiremnents and objectives of this effort. MNothing was found
that was already flight qualified, The items below were selected
for further testing.

o Vacuwum Ul btraviolet Lamp, Bcientific Services Co.,
Rocky Hill, M.J., Model 108, 10.0 eV, Krypton Filled,

o

y. .

0 Vacuwum Ultraviolet Lamp, Sclentific Services Qo.,
Reack Hill, N.J., Megdel 108, 10.2 eV plus contindam,
Hydrogen Filled Ghy. 1.

a

DEC High-voltage FPower Supply, Mil Electronics, Inc.,
Lowel ), Mass., Model 38581400, Oty. 1.

3.0 DESCRIPTION OF TEST

Minilature wltraviolet lamps were subjected to o series of tests
to determing operating characteristics and starting voltage for a
temperatire range of O to 70 degrees Centigrade. The candidate
lamps were poweraed by & de source which was also being tested
under the same conditions for compatibility with the lamp and
suitability for installation in the O0EM.

The starting voltage test schematiec is shown in Figure 1. The
lamp under test and its de power supply were placed inside an
envirornmental chamber capable of creating and maintaining a
gspecified temperature environment in the range of O to 70 degrees
ftentigrade. A 1.1 megohm resistor was connected in series with
Ctkhe lamp and power supply to limit cuwrrent whaen the gas discharge
pecured. A 1000 ohm resistor was  also connected in gseries with
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Figure 1, Starting voltage test diagram. |
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the lamp and powsre supply to monitor current through the lamp, A
digital woltpelter was connected acrose the lamp terminals to
meni tor the voltage wup to  the point where tha gas discharge

produced  a vigible glow itnside {he amp. A differential
vl tmeter was connected across the 1000 obm resiator  to monibor
current through the lamp. Firimary power  was  suppliod by &

variable vollage de powsr  supply located owiside the  Lest
chamber .

The test procedure consisted of bringing the  test  chamber (0
the desired temperature and lething the equipment Yepar”" for &
period of time before baking deta. Btaeting voliage was
ditermined by beginning with zero volbts applied Lo the input of
the high-voltage power supply, and then slowly increaseing the
valtage while observing the valtage applied +to the lamp and the

lamp  for  the first sigre of the Qlow discharge. When the
discharge was noted the highest lamp voltage observed was
recorded as the starting voltage. Becanse of  the statistical

nature of the aract starting voltage, this procedure was repeated
five times for each temperature to get a better indication of the
value to be exupected. The high-voltage power supply was  only
required to be functional during this test.

S.2 Operating Chapacteristics

Operating characteristics were determined over a lemperature
range of O to 70 degrees Centigrade aimilar to the test for
starting veltage. For this test  the lamp., bigh-veoltage power
supply and a vacuum photodiode were placed 1o the test chamber.
The lamp was operated at typical voltage and current as specd £ied
by the manufactuwrer. Lamp voltage, cureent and light output were
measured for each temperature  sebting. The  photodi ode Wwsed to
moni tar  the light outpot was an EMR Model S94353F-09-00 having a
mpectral response as shown in Figure 2. Al though  the photodiode
was capable of detecting the spectral output at  the Lyman—alpha
Ling of interest, no attespt was made bo isolate the lamp’s
output to just that region of  hthe spectrum, T measure the
lamp ‘s spectral output near the 121.6 om Lyman-alpha  line  would
Faquire a monochiromator and test chambar that could be evacuated
ar at least purged to reduce the absorption caused by air.  The
main aobjectivie of this test was to determine 14 the lamps were
stable over 3 period of time when beld at a constant temperature
artel it they would operate reliably at the tempoeratures of
pnbizrast.



CALIBRATION PHOTODIODE SPECIFICATION

) T
= == MODEL _543P-09-00geriAL No, 21966
. - PHOTOCATHODE CHARACTERISTICS®
g \ Wavelength Rndlgnt Sensitivity Quantum
¥ — \,E_,ﬁ — Nanomelers x107" A/W Efficiency %
5 X Gdale o L 7.3, A
F 3
\ L1 A 19:0 0 9.3 ...
TR \ 3650 032 et 0L
: 3 *Measured at ........22 ... .... °C
i Y 'Y
] — See curve for complete spectral cha&ajlcrishc.
" oot SEE QPPOSITE Anode leakuge vt 150 VDC 0. x 1077 .
‘r.; E g10C FOR mgf = A——— MAXIMUM RA
H -~ CALIDRATION X, A RATINGS
s — oara Supply voltage ..-.f*.Q.Q....._..’.... Volts
— | | Anode current . 1: 0 % 1077 Amps
0.00) } } Temperature ...,. 100 - . °c
-1 InQ 00 180 oo 0 400 480 EMR E"R PHOTOEEm[c
WAVELENGTH » NANGHETEN S BOX 44
*‘QUALITY ASSURANCE APPROVAL Schlumherger PRINCETON, NEW JERSEY 08540
.Q-..?f(.ﬂ(.‘:ﬁd—ﬂ:‘.“:‘."...:-. Date R o0¥ 75, EMR DIVISION OF WESTON INSTRUMENTS, INC.
MODEL NO, ._543P.09-00SERIAL NO, _21966 DATE_2-14-75
WAVELENGTH RADIANT SENSITIVITY QUANTUM \r P A, et e
NANCMETERS X tot Afw EFFICIENCY % [-H.'.'..f‘. ""'"|
116.4 6.2 6.6 i .
1216 7.3 745 k =
135.4 8 ¢ 2 7 . 9 L,::' o -} :;—;:‘
148.7 9.9 8.3 e —_—
160.8 10.1 7.8 e
170.0 11.1 8.1
182.9 13.8 9.4
206.7 18.5 11.1
221.4 21.9 12.3
229.6 _.22.6 12.2 _y
263.7 19.0 9.3 N
WIRING DIAGEAM
NOTES: |, Do not operate et Intermedinte pressures between' 1 x 10-F. 10 Tarr, 4, Keep case In dry aren for storage.

2, Protect MgF)y window from scraiches and contamination by vscuum
pump olls, etc.
3, If cicaning of Lhe windaw Iy NECESSARY, use acefone or frean,

5. Calibrated with 8 mm x 2 mm alit, ¢entersd axjully on
photocathode, In Une with (lducisl mark,

Figure 2. Photodiode spectral response.
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Figure 3 is a schematic diagram of the lamp and photodetector
pircult used Ffor  the Lest. l.amp  wvoltage amd  currenlt  are
monitored as  in the starting voltage fast of Section 5.0, The
photodiode was located insice bthe toeost  chashor  to bkesp bhe
opitical path sheort and therebhy  redoce: The absoeplion of Tamp
oulipuat by alr  moleculos, A detde poeae supply was uaed to
provide 147 Vde hiau for the photodiode. 0 was located puteslde
the test chanber. The law Jevel anode cuerrent of the photodi ode

WAR converted tr A reaelil y merssurat o vl tage by @
current-to-voltange amplifier that was also located oubtside of the
zhambear. The amplifier output veltage wap  seasured with o oa

digital voltmeter. The gain factor for bhe amplifier output was
~32 millivolls per nanoampore.

The test procedure consisted of settino the desired temperature
inside the Ltest chamber, a&allowing a period of Ltime for the
gauipment inside to Vsoalk", and then recording the temperature,
lamp voltage, lamp current and photocddode output. Time oaf day
and  the date were recorded to establish  the fime belkwueen
readings.

F.03 High-Voltage, Power:, Suppnly

The high=-voltage power supply used to operate the Jamps foar all
bhe teste was a miniature 3-watt de-de 1007 encapsulated  wnitl
Marnufactured by Mil Electronics Inc., of Lowell, Mass. The powes
supply was  being evaluated along wlith the lanps as & possible
replacement for the ac power supply currently used in the Optical
Contamination Monitor. Mo problems were encountersd with the unit
during the teste.  This particalar unit was supplied with &
silicone rubber encapsulant that would not be acceptable for  use

in the OEM bepecause of the sncapsulant. The  manufacburer will
supply this model without encapsulant  for  applicat:ions where a
speclal material is  reoddred. The wser may add  the proper

gncapsulanting material for his application.

4.0 TEET_DATA

Tabhles 1| through B contain all  the raw  test  data collectod
chaing the lamp evaluations., Tablse 0 through 4 contain  the
sharting voltage data for dthe fouwr Tamps svaloasated, Tables &
thrrough B8 contain the operating data. Column headings correspond
to  the measwrements indicated on the schematic diagrams  of
Figures 1 amd 3 with one  exception. LAME  BUFPLY voltage is
calculated from the LAMF VOLTAGE reading and the wvoltage drop
across the 1.1 megobm and 1000 ohn resistors. Lamp current is
the voltage Vi divided by 1000,

The Ffirst two rans in each table were made at room temperature
te st the lamp current and check the ingtrunentation before the
teat chamber was turned on. No attempt was made to operate each
lamp at & specific current or over a range of currents.  The lamp

tzurrent setting was arbitrary, but was selected to be well within
the manuwfacturer ‘s  recoomended  operating  range. The primary
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Figure 3. Operating characteristics test diagram.




rontern was short tern stabtlity where  the Fise interval wan nn
mare than five minutes. Each run was moni tored far  congsiderably
more than five minutes in Lhe interest of acquiring comprehenst v
tlntha to pstahlish the lamp’e stabhllity al constant toemporatuea.

-0 TEGT _EGQLIIPMENT

2 ee e

The following items of best oquipment were deod to porform
the tegts describond in this report.

M Envieonmental Test Chambor, Delta Desigo, Model 4400

o Differantial Voltmeter, John Flabke Co., Model B736,
BN 132

n Digital VYoltmeter, Beckman Tnaetruments, Model 3020,
M 20414064

n Digital VYoltmeter, Boecitman Instruments, Model 3030,
8N 91114298

n  Photodiode, EMR Model S405RP-00-00, SN 21966

o DG Power Supply, Hewlett Packard, Model 621&4A4,
SN 1141412978

mo DG Power Supply, Endicott Research GBroup, Mode)
E715-215RK

o DC Power Supply, Powesr Designes, Model TRI2S

o Dwerent-to-Voltage Amplifier, Radiometrics, Inc.,
Type 1071

&0 RESULTE AND Lnugw_ﬁ CING

All  of the lamps tested operated satistactorily over  the
temperature range of O to 70 deqrees Centigrade. There were no
problems  wilth excessive changes in starting wvoltage as  the
temperature was variad over the range of interest, The highest
starting voltage recarded was L1118 volts, Bonerally, the amps
fived at abowk 1000 volts or below. A power supply capable of
producing at least 1500 volts de will prodoce reliable starting.

The lamp’'s oukput does change with temperatire  as  expeched,

however, for this application 11+ doeasn’t cause a problem. Bhort
term shtabhility duwring the actual measurement sequence 1s  the

primary consideration. After the temperature has stablized the
lamp autput is alse stable over a interval greater than  five
minutes. This should be more  than  adeguate  stability for  an
moclrate measuwrenent cycle by the contamination monitar.

Further testing is required Lo establish operating lifetime,

10



roliability and tole<ownee to viberation hefore it con be qualified
for flight applications. Detailed ouamination af the specteal
emission In tho Lyman—=alpha region i neecled o fully
charactoriase thie Tamp outpul and assess ity gudtahility for the
contaminatior moni tor application,
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TABLE 1.

LAMP STARTING VOLTAGE

W e rvert

RUN

#

LAMP
(ev)

SN

 STARTING

VOLTAGE
(Volts)

1

REMARKS

{

10,0

2125

764

10-16-84

775

765

820

758

908

916

902

889

!

Vo
-

917

970

992

1011

1023

1005

899

957

970

962

mawmr—nmbwm:—almbmmwmbmmw

976
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TABLE 2.

LAMP STARTING VOLTAGE

RUN #

LAMP
(eV)

SN

STARTING
VOLTAGE
(Volts)

TEMP.
(°C)

REMARKS

10!0

2127

730

10-17-84

742

751

744

746

1011

1039

1082

1069

1101

1034

60

1085

1111

1106

1118

1010

1063

1084

DWWt iwiaiE B lwiMal=msjto ]l o]

1092

(4]

1094
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TABLE 3. LAMP STARTING VOLTAGE

RUN # LAMP STARTING TEMP. REMARKS
(eV) SN VOLTAGE (°¢)
(Volts)

10.2 2129 785 0 10-23-84

783

789

788

783 L4 1

812 25 10-17-84

795

783

794

787 V4

859 50

839

814

827

819 v

834 70

876

845

884

mhwmwm-bwr\:t-am-bmmr—'m.&mm!w

Vv 830 Vv
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TABLE 4. LAM® STARTING VOLTAGE
RUN # %2?? SN SR NG {5@?' REMARKS
(Volts)
1 10.0 1933 950 0 10-23-84
2 938
3 936
4 937
5 943 \'4
1 826 25 10-18-84
2 919
3 921
4 925
5 927 v
1 866 50
2 934
3 938
4 931
5 938 v
1 985 70
2 991
3 987
4 ] 966
5 vV | v 1005 WV v
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TABLE 5. LAMP OPERATING CHARACTERISTICS
Lamp: Scientific Services, 10.0 eV, SN 2125
e e T ——
e | (vorts) SUPPLY | VOLTAGE | BIAS | ouTpUT TIME OF 1 oate
(volts) | (Volts) | (Volts) [ (Volts) '

22 .598 964 306 146 - ,034 9:23 11-01-84
22 .598 964 306 - .034 9:46

0 .598 968 310 - .023 11:16

0 .598 968 310 - 023 12:53

0 .598 968 310 - 022 1:58

20 .598 965 307 - ,030 3:15

20 .598 965 307 - .027 4:15

20 .598 965 307 - .,027 5:02 J/

25 .598 965 307 - .029 9:35 11-02-84
25 . 598 965 307 - .030 10:15

25 .598 965 307 - 028 11:30

50 .580 947 308 - .050 2:45

50 .580 947 308 - .053 3:30

50 .580 947 308 - .054 4:15 Vi

70 .526 895 316 - .101 9:05 11-05-84
70 .518 895 316 - .092 9:50

70 .504 895 316 V - .100 11:00 \/

16
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TABLE 6. LAMP OPEMATING CHARACTERISTICS
Lamp: Scientific Services, 10.0 eV, SN 1933
RUN fgﬂg' (Vg?ts) a?ﬁgﬁv vOLohee | 8IS | outhuT TIMEOF | DaT
olts) | (Volts) | (Voits) | (Volts)

1 20 .543 956 358 147 - .032 9:00 |11-08-84
2 20 .543 955 357 - .033 9:15

1 0 .552 956 348 - .010 | 11:00

2 0 .552 954 346 - .010 | 11:40

3 0 .558 952 338 - .012 3:10

4 20 .553 950 341 - 007 3:55

5 20 .555 950 339 - .018 8:50

6 20 .555 949 338 - .019 9:30

7 25 .560 947 330 - .008 1:50

8 25 .560 947 330 - .008 2:30

9 25 .551 947 340 -~ .009 9:30
10 50 .546 939 338 - .012 | 10:30
11 50 .546 938 337 - .009 | 11:15
12 50 .545 931 331 - .014 | 10:15
13 70 .521 911 337 - .006 | 10:55

14 70 517 905 336 - .008 { 11:30

15 70 513 901 336 v - .009 | 12:00 \
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TABLE 7.

LAMP OPERATING CHARACTERISTICS

Lamp: Scientific Services, 10.0 eV, SN 2127
RUN Igﬂg‘ (v;ﬁks) SUAPLY | voiTAGE | B1AS | oufuT TIME OF 1 oate
' (Volts) | (Volts) [ (Volts) | (Volts) '
1 22 .544 905 306 147 - ,025 2:00 - | 11-15-84
2 22 544 905 306 - .025 2:30
1 0 544 Y04 308 - .010 3:15
2 0 .542 905 308 - 012 9:00
3 0 .542 905 308 - .013 9:30
4 20 544 905 306 - .022 | 10:45
5 20 .544 905 306 - .022 | 11:40
6 20 544 905 306 - .020 2125
7 25 .544 905 306 - .020 3:05
8 25 .544 904 305 - .020 3:35
9 25 .542 903 306 - .021 8:45
10 50 .533 897 310 - .045 9:45
11 50 .533 897 310 - .046 | 10:15
12 50 .531 895 310 - 045 1:50
13 70 .495 874 329 - .170 9:30
14 70 .493 871 328 - .168 | 10:00
15 70 .484 859 326 v - .151 | 11:45 \!

18




o f

T o iy i ey LR {107 Y | i

TABLE 8.

Lamp:

LAMP OPERATING CHARACTERISTICS
Scientific Services, 10.0 eV, SN 2129

RN {E@g' (vg?£s) UMY | VOLTAGE | BIAS | oUFPiT THESOF 1 oate
(Volts) | (Volts) | (Volts) § (Volts) ’

1 19 .142 769 613 147 - .,034 | 9:40 |11-20-84
¢ 19 142 763 605 - ,031 | 10:15

1 0 .120 745 613 - 012 1:15

2 0 118 745 615 - 011 1:45

3 0 116 744 616 - .010 | 2:15

4 | 20 129 754 612 - 014 3:00

5 20 129 755 613 - .014 3:30

6 | 20 .127 745 605 -.013 | 4:00 v

7 | 25 129 754 612 - .014 9:50 | 11-21-84
8 | 25 127 744 604 - .013 | 10:20

9 | 25 126 748 609 - .012 | 10:50
10 | 50 128 764 623 - .014 | 10:15
11 50 .126 762 623 - .013 | 10:45

12 | 50 126 751 612 - .0l2 | 11:30

13 | 70 110 783 662 - .024 | 11:50
14 | 70 101 767 656 - .028 | 12:30
15 | 70 .113 777 653 \’ - .023 1:00 \!
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